Aggressive contests probably occur in networking environments where information about ® ghting ability is conveyed both to an opponent and to individuals peripheral to the ® ght itself, the bystanders. Our primary aim was to investigate the relative in¯uences of eavesdropping and prior social experience on the dynamics of aggressive contests in Xiphophorus helleri. A bystander' s ability to witness an encounter was manipulated using clear, one-way mirror, and opaque partitions. After watching (or not watching) the initial contest, the bystander encountered either the winner or loser of the bout. Treatment comparisons of bystander± winner or bystander± loser contest dynamics indicated the presence or absence of winner, loser, or eavesdropping effects. Winner and loser effects had negligible in¯uences on bystander contest dynamics. Eavesdropping signi® cantly reduced the bystander's propensity to initiate aggression, escalate, and win against seen winners regardless of whether the watched bout had escalated or not. Though eavesdropping had relatively little effect on bystander± loser contest dynamics, bystanders were less prone to initiate aggression and win against losers that had escalated in the witnessed bout. Thus, bystanders appear to preferentially retain and utilize information gained about potentially dangerous opponents (winners or persistent losers). Our data lend clear support for the importance of eavesdropping in visually based aggressive signalling systems.
INTRODUCTION
Animals utilize an array of signals during aggressive contests to communicate information to conspeci® c opponents about physical prowess or willingness to escalate (see, for example, McGregor et al. 1992; Hughes 1996; Breithaupt & Atema 2000; Sparkes et al. 2000) . Much work has focused on the evolution of signalling systems, in particular on con¯icts of interest between the signaller and receiver, selective pressures that guide signaller and receiver behaviour, and the maintenance of honesty in such systems ( Johnstone 1997) . Common among these studies is the treatment of signalling interactions as`twoanimal games' involving only one signaller and one receiver. In fact, most game theoretical models of animal contests, and the supporting empirical tests, focus primarily on the dyad and on any individual attributes or assessment strategies that may in¯uence a contestant's decision to continue to ® ght or¯ee (Enquist & Leimar 1983; Enquist et al. 1990; Marden & Rollins 1994; Mesterton-Gibbons et al. 1996; Mesterton-Gibbons & Adams 1998; Payne 1998) .
Despite the important contributions of such a dyadic focus to our understanding of contest behaviour, it necessarily limits our view of how animals interact within their social environment. The social environment includes the two contesting animals and any additional individuals, the bystanders, that are peripheral to the interaction but within signal detection range. Extending the scope of aggressive contest research past the focal dyad and into the social milieu allows us to address the dynamics of`nanimal games' . In these games, signaller behaviour may * Author for correspondence (rlearl01@athena.louisville.edu). be transmitted not only to one other individual but to multiple receivers, thereby creating a communication network (McGregor 1993; . These networks more accurately re¯ect the conditions under which signalling interactions may take place in group-living animals or those that establish contiguous territories and thus have several neighbours.
Proc
Indeed, a growing body of empirical evidence suggests that bystanders both in¯uence and are in¯uenced by aggressive interactions that occur within their social environment. As such, the communication network can be examined from the perspective of both the contestants and the bystanders. On one hand, if the individuals engaging in an aggressive contest change their behaviour in the presence of a bystander, then an audience effect is operating (Evans & Marler 1994) . For example, male Siamese ® ghting ® sh (Betta splendens) increase the time spent in gill cover erection and decrease the number of bites directed towards a male opponent when a female bystander is present rather than absent (Doutrelant et al. 2001) . On the other hand, bystanders may eavesdrop, or extract information from aggressive interactions between others, and subsequently modify their own agonistic response towards the monitored individuals (McGregor & Dabelsteen 1996) . In fact, recent work on ® ghting ® sh and territorial songbirds suggests that the agonistic behaviour of a bystander is in¯uenced by watching ® ghts and is largely dictated by the identity of its subsequent opponent, i.e. perceived winner or perceived loser (McGregor et al. 1997 Naguib & Todt 1997; Oliveira et al. 1998; Naguib et al. 1999; Peake et al. 2001) . Eavesdropping may provide useful information on the ® ghting ability of potential competitors without the observer itself having to expend energy or risk the costs of ® ghting (e.g. injury), and may be particularly advantageous when combat bears a high cost ( Johnstone 2001 ).
One concern with allowing the bystander to engage directly with the winner and loser it had watched is whether the effects of eavesdropping can be partitioned from the in¯uence of the original combatants' prior social experience. Individuals that experience victory are more likely to win future duels while previous losers are more prone to be defeated in later encounters (e.g. Bakker et al. 1989; Schuett 1997; Hsu & Wolf 1999) . Thus, interpreting the degree to which eavesdropping mediates contests between a bystander and a previous winner or loser may be confounded by the prior social experience of the initial contestants.
The primary aims of this study were to tease apart the effects of eavesdropping and social experience on the dynamics of aggressive contests in male green swordtail ® sh (Xiphophorus helleri) and to assess the nature of the behavioural changes that accompany eavesdropping. X. helleri is an excellent model system for investigations of eavesdropping on visually based cues as male agonistic behaviour is conspicuous, stereotypical (e.g. Ribowski & Franck 1993a) , and has been studied quite extensively (e.g. Franck & Ribowski 1987 Beaugrand et al. 1991; Ribowski & Franck 1993b ). In addition, swordtails form strict linear dominance hierarchies both in the laboratory and in the ® eld, a social environment that should be conducive to networking effects (Beaugrand et al. 1984; Franck & Ribowski 1993; Franck et al. 1998; Earley & Dugatkin 2002) .
METHODS

(a) Maintenance and experimental protocol
Heterosexual groups of X. helleri were obtained from Sunshine Aquatic Farms (Tampa, FL, USA) and were transferred to laboratory aquaria ranging in size from 189 l to 429 l. Each holding tank was equipped with chemical and biological ® ltration, substantial aeration, a gravel substrate at a depth of 6 cm, and plants and clay pots as refuge. The temperature was maintained between 25 and 27°C and the pH at 7.6 with a 12 L : 12 D cycle. Aquarium salt and`Stress Coat' were added as needed to reduce osmotic stress, condition the water, and replenish the ® sh' s natural slime coat (e.g. following a water change). The ® shes were fed`TetraMin'¯ake food daily with occasional supplements of brine shrimp.
Males were removed from the holding tanks and measurements of body length, sword length, and body width were carried out. Lateral surface area ((body length´body width) 1 sword length) was then calculated . Three ® shes were matched for size (less than 0.2 lateral surface units difference) and placed in individual isolation tanks (8 l) for 48 h. Two of these ® shes were designated as the initial contestants (F1 and F2) and the third as the bystander (B). Following isolation, the ® shes were transferred to experimental tanks (38 l) that were partitioned into three compartments of equal size. Each ® sh was placed into one of the compartments and was visually isolated from all other ® shes by an opaque, T-shaped partition. In addition, the bystander was separated from the initial contestants by one of three partitions: opaque plastic (opaque treatment), one-way mirror (mirror treatment), or clear glass (clear treatment) (® gure 1). We minimized transfer of chemical cues between ® shes by ® tting the partitions against the sides of the aquaria as tightly as possible without compromising easy removal. If chemical cues cross the partitions, our experi- mental design ensures that they would do so equivalently across treatments (i.e. each partition was ® tted to the aquarium in the same manner) and thus should not bear on the interpretation of our results. The ® shes were given 16 h to acclimatize to the experimental aquaria before any behavioural observations commenced. The isolation period, together with the acclimatization time, aims at minimizing the in¯uence of prior social experience obtained within the communal holding tanks; the behavioural effects of winning and losing persist for at least 24 h in X. helleri (Franck & Ribowski 1987) . At the start of the trial, the T-shaped partition was lifted to facilitate an encounter between F1 and F2 and to reveal (or not reveal) these contestants to the bystander. In the opaque treatment, the bystander could not witness the ® ght between the initial contestants, nor were the contestants aware of the bystander' s presence. The bystander was able to observe the encounter between F1 and F2 in the mirror treatment but the contestants remained naive to its presence. Tint was placed over the mirror side of the one-way glass to minimize re¯ection and thus to eliminate the possibility that the initial contestants could see (or respond to) their mirror image. In the clear treatment, both the bystander and the initial contestants were aware of one another' s presence. The contestants could therefore interact with the bystander across the clear glass.
The aggressive (approach, threat display, attack, bite) and submissive (avoid, retreat) behaviour of F1 and F2 were recorded during one initial 45 min focal period and two subsequent 15 min observation sessions; the total allotted interaction time was 6 h. In addition, the initiator of each aggressive behaviour and the number of reciprocal acts (e.g. mutual threat displays, circling, mouth-wrestling) were recorded; for a detailed description of the reciprocal acts, see Franck & Ribowski (1989) . The ® sh that aggressed towards its opponent at least 10 times without reciprocation was designated the dominant individual (Francis 1983) . Following the initial bout, either the winner (W) or loser (L) was removed from the apparatus. The partition separating the bystander (B) from the remaining individual was then removed to facilitate either B versus W or B versus L contests. The same behavioural data were recorded for these bystander contests as in the initial bout and a winner and loser were determined following 75 min of observation time. A total of 103 bystander± winner contests (mirror, n = 34; clear, n = 35; opaque, n = 34) and 75 bystander± loser contests (n = 25 for each treatment) were conducted. The trials were observed from behind a mesh window to minimize distraction of the ® shes by the observer. The data were logged manually; the contests were not recorded on video.
(b) Predictions
The presence of winner and loser effects was determined by analysing the outcome of the bystander contests (B versus W and B versus L) in the opaque treatment only. If the winner of the initial bout defeats the bystander in signi® cantly more than 67% of the contests, then a winner effect exists. Similarly, if the loser of the initial bout submits to the bystander in signi® cantly more than 67% of the contests, then a loser effect exists. This rigorous null hypothesis stems from the use of a`self-selection' procedure for determining winners and losers as opposed to à random selection' procedure. In the random selection procedure, winning and losing experiences are imposed upon individuals in an independent fashion (e.g. by pitting them against considerably smaller or larger individuals; see Hsu & Wolf 1999) while in the self-selection procedure, the winner and loser are determined from a contest between two well-matched opponents. In the self-selection procedure, prior experience effects may be confounded by intrinsic differences in the contestants' ® ghting abilities; self-selected winners (losers) will win (lose) again in 67% of subsequent contests based on individual differences alone (Chase et al. 1994) .
For example, imagine three individuals, A, B, and C with ® ghting abilities of 10, 20, and 30, respectively. If A and C interact ® rst, then B is left as the bystander. Similarly, if B and C interact ® rst, then A stands by. In these cases, C should win both the initial ® ght and the bystander contest based on its superior ® ghting ability relative to A and B. However, if A and B are the initial contestants and C is the bystander, then B would win the initial ® ght but would lose the bystander contest to C. Thus, considering all possible triadic arrangements, the initial winner should defeat the bystander in two-thirds of the trials. However, any probability signi® cantly greater than 67% indicates the presence of prior experience effects (Begin et al. 1996) .
The primary difference between the mirror and opaque treatments was the ability of the bystander to observe the initial interaction. In both of these treatments, the contestants were naive to the bystander' s presence, while eavesdropping could occur only in the mirror treatment. Thus, differences between the mirror and opaque treatments in the dynamics (e.g. probability of escalation, probability of bystander initiation) or outcome of the bystander contests indicate the presence of an eavesdropping effect. If eavesdroppers increase their estimate of the winner' s ® ghting ability after witnessing its victory, then the bystander should be less likely to initiate aggression, escalate, and thus win the bystander± winner contests than an individual that did not eavesdrop. Similarly, if eavesdroppers decrease their estimate of the loser' s ® ghting ability after watching its defeat, then the bystander should be more likely to initiate aggression and win the bystander± loser contests than individuals that did not eavesdrop. As a consequence, we expect lower degrees of bystander contest escalation in the mirror than the opaque treatment (table 1) .
In the clear treatment, the bystander and the initial contestants can interact and possibly mutually assess one another across the glass partition; this is not possible in the mirror treatment. Thus, any signi® cant differences in bystander contest dynamics or outcome between the mirror and clear treatments indicate an in¯uence of prior assessmentÐ that is, assessment that occurs between the bystander and either contestant across the clear partition during the initial contest phase. Assessment across the clear glass may provide additional information to the bystander about the relative ® ghting ability of the initial contestants. If this Proc. R. Soc. Lond. B (2002) assessment reinforces the information gathered via eavesdropping, the bystander may even further increment or decrement its estimate of the ® ghting ability of the winner and loser, respectively. Under these circumstances, we predict that the bystander should be signi® cantly less (more) apt to initiate and win the contests against the winner (loser) in the clear treatment than in the mirror treatment. Prior assessment should also reduce the probability of escalation in clear treatment contests relative to those in the mirror treatment, as encounters between familiar individuals are often settled by less expensive means than those between unfamiliar individuals ( Johnsson & Akerman 1998) (table 1) .
RESULTS (a) Initial contest dynamics
The dynamics of the initial contests could potentially in¯uence the aggressive state of the winners and losers prior to their interaction with the bystander. Similarly, the eavesdropper' s response to the winner and loser could depend upon the characteristics of the contest it had witnessed. Thus, an important question to address is whether the initial contestants behaved differently when exposed to the eavesdropper (clear) versus when they were naive to its presence (mirror, opaque)Ð that is, whether an audience effect existed. We con® ne the audience effect to situations in which behavioural modi® cations occurred during the contest phase of the initial interaction, i.e. between contest initiation and contest resolution in the presence of a bystander.
Log-linear analyses were conducted to ascertain whether the probability of initial contest escalation or patterns of initiation behaviour differed across treatments. Contests`escalated' if the combatants engaged in circling or mouth-wrestling behaviour (e.g. Franck & Ribowski 1989) . Fights involving prolonged bouts of mutual threat displays (more than 15 reciprocal displays) were also considered to have escalated because they were clearly more intense than interactions involving only a brief round of displays followed by attack± retreat sequences. The proportion of escalated contests was homogeneous across treatments (G = 0.83, p = 0.66, d.f. = 2); overall, contests were signi® cantly more likely not to escalate than to escalate (pooled: G = 15.86, p , 0.0001, d.f. = 1). The probability that the initiator of approach, threat display, attack or bite would win the initial contest did not differ across treatments (all values: G , 4.23, p . 0.12, d.f. = 2). The pooled data demonstrate that the initiator of threat display, attack or bite was signi® cantly more likely to win the initial contest than the individual that did not initiate (all values: G . 19.4, p , 0.0001, d.f. = 1). However, initiators of approach were equally likely to win or lose the contest (G = 1.1, p = 0.29, d.f. = 1).
We recorded 25 parameters related to initial contest dynamics (e.g. total aggression and submission exhibited by the winner and loser, number of mouth-wrestles, circling bouts, etc.). However, all of the variables were highly signi® cantly inter-correlated (p , 0.0001). Thus, we focused on a parameter that encompassed the aggressive behaviour of both the subsequent winner and loser: total number of aggressive acts exhibited throughout the contest. A one-way analysis of variance was conducted to assess treatment differences in initial contest dynamics; 
total aggression was transformed ( y 1 /3 ) to achieve normality. The ANOVA revealed signi® cant differences in total aggression among treatments (F 2 ,17 6 = 5.93, p = 0.0032). Student± Newman± Keuls (SNK) multiple comparisons indicated no signi® cant differences between the mirror and opaque treatments. However, the clear treatment was characterized by signi® cantly lower levels of total aggression than the remaining two treatments (p , 0.05).
A second one-way ANOVA partitioned total aggression into two categories: number of aggressive acts before and after contest settlement; each of these parameters was transformed to achieve normality (log [ y 1 1] and y 1 /3 , respectively). Thus, we could assess whether modi® -cations in ® ghting behaviour occurred during or after contest resolution in the presence of a bystander (clear). There were no differences among treatments in the number of aggressive acts exhibited prior to contest settlement (F 2 ,17 5 = 0.14, p = 0.87). However, the amount of total aggression following contest resolution differed among treatments (F 2 ,1 7 5 = 7.54, p = 0.0007). Signi® cantly fewer aggressive acts were performed after contest settlement in the clear than in either the mirror or opaque treatments (SNK, p , 0.05); the latter two treatments did not differ signi® cantly. These data suggest that the presence of an audience did not affect the course of initial contest resolution but, rather, reduced the time the winner spent reinforcing its dominance status (® gure 2).
(b) Bystander contest dynamics
We examined whether prior assessment (mirror versus clear) or eavesdropping (mirror versus opaque) had a signi® cant in¯uence on the probability that: (i) the bystander would initiate aggression, (ii) the bystander contests would escalate, and (iii) the bystander would win the contest. In keeping with our predictions, the observed proportions (e.g. of escalated versus non-escalated bouts) in the mirror test were independently compared with those of the opaque and clear treatments using either the Gstatistic (likelihood ratio) or, if the criteria for this test were not met, Fisher' s Exact statistic. All tests of pro- = 2) and, in all cases, the bystander was signi® cantly more likely to initiate than was the loser of the initial contest (G . 9.5, p , 0.002).
We also examined the relationship between initiation behaviour and winning in the bystander± loser contests. 
Escalation
There were no signi® cant differences among treatments in the probability of bystander± loser contest escalation (mirror versus clear: Fisher' s, p . 0.99; mirror versus opaque: Fisher' s, p = 0.70). A signi® cant majority of the contests did not escalate (heterogeneity among treatments: G = 0.6, p = 0.74, d.f. = 2; pooled: G = 27.7, p , 0.0001).
Contest outcome
The bystander was equally likely to win the bystander± loser contests irrespective of treatment (mirror versus clear, G = 0.095, p = 0.76; mirror versus opaque, G = 0.398, p = 0.53). Overall, the bystander was signi® -cantly more likely than the previous loser to win these contests (heterogeneity among treatments: G = 0.4, p = 0.82, d.f. = 2; pooled: G = 13.49, p = 0.0002). Additionally, the proportion of contests won by the bystander in the opaque treatment was not signi® cantly different from 67% (G = 0.53, p = 0.53), indicating that the loser effect did not in¯uence bystander± loser contest dynamics and that the contests were settled on the basis of some individual difference. Though the ® shes were matched for size, we tested whether the minute existing size differences in¯u-enced contest outcome but found negligible effects (G = 0.5, p = 0.48).
These data clearly illustrate homogeneity among treatments for all bystander± loser contest parameters. Given that no differences arose between the mirror and clear treatments, we can reject the hypothesis that prior assessment in¯uences bystander± loser contest dynamics. Though no detectable differences arose between the mirror and opaque treatments with respect to contest initiation, escalation, or outcome, there was some evidence that the bystanders gathered information about the losers of the initial bouts. The degree of escalation in the initial contest had a signi® cant effect on the bystander' s response to the loser. Speci® cally, the eavesdropper was signi® cantly less prone to initiate bites (logistic regression: Wald x 2 = 4.4, p = 0.036, d.f. = 1) and to win (Wald x 2 = 4.5, p = 0.034, d.f. = 1) after having witnessed contests in which the loser escalated. The bystanders also tended to initiate attack less often against losers that had escalated in the initial contest (Wald x 2 = 3.7, p = 0.054, d.f. = 1). Thus, eavesdroppers appear to respond more cautiously, and often defer to losers that were more willing to escalate against their previous opponent. No such relationships arose in the clear or opaque treatments, sugProc. R. Soc. Lond. B (2002) gesting that the bystanders' response was a consequence of eavesdropping alone.
(ii) Bystander± winner contests Initiation
Bystanders were signi® cantly less likely to initiate attacks (G = 5.71, p = 0.017) and bites (G = 6.91, p = 0.009) in the mirror than in the clear treatment. No such differences arose with respect to initiation of approach (G = 1.89, p = 0.17) or threat display (G = 3.65, p = 0.06). The bystander' s probability of initiating approach (G = 4.86, p = 0.028, d.f. = 1), threat display (G = 4.97, p = 0.026) and attack (G = 3.98, p = 0.047) against the previous winner was signi® cantly reduced in the mirror treatment relative to the opaque treatment. However, the bystander was equally likely to initiate bites in both treatments (G = 0.77, p = 0.38). These analyses suggest that eavesdropping in¯uences the bystander' s tendency to initiate aggression against a seen winner. Speci® cally, the bystander avoids confrontation with the winner after having witnessed it defeat another. Prior assessment, however, did not intensify the eavesdropping effect. Rather, the opportunity to assess the seen winner across the clear partition increased the bystander' s tendency to initiate more escalated forms of aggression (attacks, bites) relative to situations when information about the initial contestants was available only through eavesdropping (Figure 3a,b) .
The relationship between contest initiation and victory in the bystander± winner ® ghts showed a similar pattern to the bystander± loser contests. The likelihood of winning after having initiated approach, attack or bite was homogeneous across treatments (G , 3.36, p . 0.19, d .f. = 2); individuals that initiated had a signi® cantly higher probability of winning the contests than individuals who did not (all initiation behaviours, pooled: G . 11.4, p , 0.0007). However, initiators of threat display were signi® cantly more likely to win in the mirror (G = 4.97, p = 0.026) and opaque (G = 8.75, p = 0.003) treatments but not in the clear treatment (G = 0.08, p = 0.77).
Escalation
The bystander± winner contests were signi® cantly less likely to escalate in the clear than in the mirror treatment (G = 4.94, p = 0.026) and were signi® cantly more likely to escalate in the opaque than in the mirror treatment (G = 6.06, p = 0.014) (® gure 4). Thus, eavesdropping decreased the bystander' s willingness to escalate in contests against seen winners. In addition, prior assessment reduces the probability of escalation even further, which should be expected if the bystander and winner gain accurate information about one another across the clear partition, i.e. escalation may not be necessary if the dominance relationships are established prior to removal of the clear partition.
Contest outcome
Eavesdropping signi® cantly reduced the bystander' s probability of winning contests against a seen winner (mirror versus opaque: G = 4.63, p = 0.031; ® gure 5). This is probably due to the fact that bystanders were far less inclined to initiate or escalate contests against previous winners and thus should be more apt to submit to the Figure 3. Treatment differences in the probability that the bystander will: (a) initiate approach or threat display, and (b) initiate attack or bite in the bystander± winner contests. An asterisk indicates a signi® cant difference between treatments; white bars indicate that the winner initiates; shaded bars indicate that the bystander initiates. seen winner. Interestingly, logistic regression analyses revealed that the degree of escalation in the bystander± winner contests had a signi® cant impact on the bystander' s likelihood of victory in the mirror treatment and had marginal effects in the opaque treatment. In both, the bystander' s probability of winning increased (and the previous winner' s decreased) as the contests escalated to higher degrees (mirror: Wald When eavesdropping was coupled with the capacity to assess the winner more directly, the bystander' s prob-ability of victory increased signi® cantly (mirror versus clear: G = 5.31, p = 0.021; ® gure 5). Thus, with regard to contest outcome, prior assessment appears to negate rather than intensify the eavesdropping effect. In addition, the winner effect did not in¯uence bystander± winner contest dynamics as the proportion of ® ghts won by the bystander in the opaque treatment was not signi® cantly different from 67% (G = 0.57, p = 0.45; ® gure 5). Size differences among the contestants did not signi® cantly in¯uence ® ght outcomes (G = 0.24, p = 0.63). Unlike the bystander± loser contests, interactions between the winner and bystander in the mirror treatment were not in¯uenced by the intensity of the initial contest, suggesting that the eavesdroppers perceived winners to be equally strong regardless of whether they defeated the loser via escalated or non-escalated means.
DISCUSSION
Our experimental design allowed us to partition the independent in¯uences of three phenomena on aggressive contest dynamics in X. helleri: eavesdropping, social experience (winner and loser effects) and the audience effect. Our data support the proposition that male green swordtails extract information from aggressive interactions between others. However, eavesdropping affected primarily the bystander' s response towards the winner of the witnessed bout. Eavesdropping signi® cantly reduced the bystander' s willingness to initiate contests with seen winners, as in the study by Oliveira et al. (1998) on Siamese ® ghting ® sh.
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In swordtails, eavesdroppers were also less prone to escalate than those that had not observed the contest. Oliveira et al. (1998) , however, found that B. splendens escalate (e.g. frequency of display) to similar degrees towards seen and unseen winners. They attribute the bystander' s willingness to escalate to its recognition of the seen winner as a formidable intruder; the winner was introduced into the bystander' s (resident) area of the aquarium. From the perspective of territorial defence, it may pay an owner to react more strongly (but perhaps more cautiously at the outset) towards an individual that poses a greater threat of usurpation. In fact, territorial songbirds respond more vigorously to simulated intrusions by perceived winners than by perceived losers of computer-generated acoustic interactions (e.g. Naguib & Todt 1997; Naguib et al. 1999; Peake et al. 2001) . In our study, however, neither the previous winner nor the bystander could be considered the resident. Thus the bystander contests can be seen as ® ghts for ownership of the space rather than resident± intruder battles. Though subtle, this different dynamic may be quite important. Johnstone' s (2001) recent modi® cation of the hawk± dove game de® ned eavesdroppers as individuals who always submit to previous winners and defeat previous losers. This strict form of eavesdropping was favoured when the value of the contested resource was considerably less than the cost of losing an escalated battle (V/C approximately 0.25), i.e. under these conditions eavesdroppers should avoid both initiating and escalating against seen winners. Because the bystanders in our experiment were not territory owners per se, the value of the contested resource (space) was probably less than that for resident ® ghting ® sh or territorial songbirds. As V/C increases, individuals should be more prone to escalate in order to maintain possession of the resource and this may be independent of whether the intruder is a seen winner (e.g. Oliveira et al. 1998) . Differences in potential V/C ratios may explain why swordtail eavesdroppers exhibited a more pronounced aversion to seen winners than did the ® ghting ® sh or songbirds. This proposition could be experimentally addressed by manipulating, from the eavesdropper' s perspective, the value of the resource or the costs of ® ghting (e.g. increasing size asymmetries between the eavesdropper and the watched contestants, manipulating the social experience of the bystander, or altering the quality of the contested resource).
Eavesdropping provides only indirect information to the bystander about the winner' s ® ghting ability. When given the opportunity to gather more accurate information about the winner' s physical prowess relative to itself, does the bystander utilize this information in lieu of that obtained through eavesdropping? Two aspects of our data suggest that this may be the case. First, the clear treatment afforded bystanders the opportunity to interact with winners across the glass partition and, indeed, this occurred in most all of the trials. Our data indicated that prior assessment negates the eavesdropping effect. In fact, the bystander' s probability of winning was almost identical to that found in the opaque treatment, where the bystander contests were probably settled on the basis of some individual difference. This suggests that assessment across the clear partition provided accurate information about ® ghting ability that was used by both the winner and the bystander to settle the ensuing contest. The fact that the bystander contests in the clear treatment rarely escalated also supports this interpretation. However, the triadic interactions that occurred in the clear treatment are improbable in natural situations. As such, the bystander may not be able to gain information about the winner' s ® ghting ability relative to itself prior to an ensuing contest and thus information obtained through eavesdropping should be more in¯uential. Interestingly, revealed that great tits (Parus major) integrate information obtained through prior assessment and eavesdropping, in gauging the ® ghting ability of unfamiliar individuals. The birds responded more intensely towards unfamiliar opponents that had defeated a perceived winner than those that had lost to a perceived loser. In this sense, the eavesdropper utilizes both direct and indirect information to make more informed decisions about the physical prowess of others in the communication network.
Second, the bystanders most often avoided escalated confrontations with seen winners in the mirror treatment but, in instances where escalation did occur, the bystander' s probability of winning increased dramatically. This clearly indicates that the information obtained through eavesdropping (i.e. increased perception of winner' s ® ghting ability) becomes irrelevant when the bystander assesses the previous winner in a more direct fashion. Hsu & Wolf (2001) documented a similar ® nding in the cyprinodont ® sh Rivulus marmoratus. They found that prior ® ghting experience in¯uenced the outcome of non-escalated contests but not escalated contests. This result was consistent with the hypothesis that winning and losing experiences change an individual' s perception of its own ® ghting ability rather than its actual ® ghting ability. Similarly, our results demonstrate that eavesdropping alters an individual' s perceived, rather than its actual, probability of winning against seen winners.
Though eavesdropping clearly in¯uenced the bystander' s response to a seen winner, it had relatively little impact on the dynamics of bystander± loser contests. Bystanders were signi® cantly less apt to initiate highintensity aggression (e.g. bite) and win against losers they had seen engage in an escalated ® ght. Selection should favour individuals who retain information about potentially dangerous contestants. In non-escalated ® ghts, which predominated in the bystander± loser trials, the bystander may only retain information about the winner or may have too little information to gauge the ® ghting ability of the loser. In such cases, the bystanders may respond similarly to seen versus unseen losers, as we have documented. However, the bystander may view both the winner and loser of an escalated bout as potentially dangerous opponents and thus may retain information about each contestant. This may explain why eavesdroppers differentially respond to losers only if the losers persisted in the initial contest. As initial contest escalation did not in¯uence the dynamics of the bystander± loser contests in the opaque or clear treatments, it is clear that escalation does not change the loser' s motivational state, but rather the way the eavesdropper perceives the loser.
The lack of winner and loser effects in this study runs contrary to several other examinations of social experience in green swordtails (see, for example, Beaugrand & Goulet 2000) . However, in none of these earlier studies were the previous winner or loser pitted against a naive individual, as in our opaque treatment. Rather, an individual who had recently experienced victory was confronted with an opponent who had recently experienced defeat. Each of these studies came to a similar conclusionÐ previous winners were signi® cantly more likely to win the contests than previous losers. This type of design ampli® es the experience asymmetries between contestants and does not allow for independent tests of the in¯uence of prior victory versus defeat. Although behavioural and physiological correlates of winning and losing have been uncovered in this species (Hannes et al. 1984; Franck & Ribowski 1987 ), our results demonstrate that when previous dominants or subordinates contest against individuals with no prior experience, winner and loser effects appear to play a negligible role in delegating outcome.
In addition to eavesdropping and experience effects, we were also able to assess the in¯uence of an audience on initial contest dynamics. There was a signi® cant decrease in aggression after contest settlement when the bystander was present (clear). Although we did not quantify interactions between the contestants and the bystander across the clear partition, it was evident that the winner directed its attention to the bystander after having defeated its opponent and thus, spent less time harassing the subordinate. This could account for the signi® cant post-settlement reduction in total aggression in the clear treatment when compared with the two remaining treatments. We found no evidence for an audience effect on pre-settlement contest dynamics. That is, regardless of whether the initial combatants were being viewed by a bystander or not, the details of the initial ® ghts remained essentially the same. Doutrelant et al. (2001) reported similar ® ndings in B. splendens where male± male contests were unaffected by the presence of a third male. As in Doutrelant et al.' s (2001) experiment, it seems unlikely that the lack of an audience effect was due to the contestants being unaware of the bystander' s presence. In fact, the initial contestants often aggressed towards the bystander across the clear partition, suggesting that they were cognizant of the audience throughout the contest phase.
According to current studies on communication networks, the audience effect requires that contestants modify their behaviour in the presence of a third party and that bystanders are unable to interfere with the focal exchange (R. J. Matos, personal communication). Our clear treatment aimed at elucidating the effects of prior assessment, so bystanders were allowed to interact with the contestants across the partition. Thus, the clear treatment may not be ideal for isolating the audience effect. To pinpoint the audience effect, the bystander could be placed at a distance from the contestants in order to minimize three-way interactions (Doutrelant et al. 2001) . Alternatively, a one-way mirror could be positioned in a manner that allows the contestants to view the bystander but not vice versa (i.e. the reverse of our mirror treatment).
In conclusion, we have demonstrated that eavesdropping is an in¯uential component of contest dynamics in X. helleri. Our results support the view that aggressive communication occurs in a networking environment, and we also unveil some added complexities that merit attention in future studies on eavesdropping. This experiment has provided, to our knowledge, the most detailed examination to date of networking in visually based aggressive signalling systems and we hope that our results inspire further investigations of the potential interactions between audiences, eavesdropping, prior social experience, and contest dynamics. Our data also con® rm that future studies addressing the in¯uence of eavesdropping on higherorder social phenomena such as dominance hierarchy formation in X. helleri may, in fact, be fruitful.
